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Over the years, the fields of surgery and anesthesia have seen major advances as a result of better understanding of human pathophysiology and pain physiology, development of new diagnostic tools, safer anesthetic agents and improvements in surgical techniques, such as minimally invasive surgery [1, 2] . The increased quality of surgical procedures and anesthesia has substantially reduced the risks and complication rates, which should help in enhancing the recovery of the surgical patient [3, 4] .
Depressive symptoms are common adverse effects following surgical procedures [5] . Besides the pain and discomfort after surgery the patient may feel functional disturbances like loneliness, anxiety, fatigue or insomnia [6, 7] . Unfortunately, the majority of these symptoms are silent and frequently underdiagnosed; therefore patients often remain untreated [8, 9] .
In recent years attention has been increasingly directed from the pathogenic perspective to an holistic approach of the medical and surgical practices involving psychosomatic medicine, whose main purpose is to reduce the incidence of depressive symptoms and their consequences in the postoperative period [10, 11] .
The stress-depression connection: does stress cause depression?
In daily life we are exposed regularly to psycho-physical arousals which may be highly adaptive from the evolutionary point of view, since they promote coping with comparable situations in the future. However, be a caregiver for a family member with cancer, taking care of a parent with Alzheimer's, losing a job or the death of a loved oneare among those events which might lead to major depression in susceptible people. Any stressor elicits the activity of the body 's stress-response mechanism. Sustained or chronic stress can lead to elevated cortisol, the stress hormone, levels and reduced serotonin and other neurotransmitters levels in the brain, including dopamine, which has been linked to depression. When these neurotransmitters are working normally, they regulate sleep, appetite, energy, and biological processes, and allow normal moods and emotions to express themselves. When the hypothalamus fails to turn on and off the production of stress hormones after a difficult situation, it can lead to depression in susceptible people.
Activation of the HPA axis and autonomic nervous system (ANS) activities are essential adaptive mechanisms that enable the human body to maintain physiological stability in response both to general stressful signals and to more specific (disease-induced) stimuli. The two systems coordinate, among others, the response of the immune and cardiovascular systems, bringing the body to homeostasis through the allostatic adaptation. An inappropriate behavioral adaptation to stressors is an important risk factor for depression in susceptible individuals (allostatic overload). Complex reciprocal counterbalances between HPA axis and autonomic nervous system (ANS) have been described [11, 12] ; their chronic stimulation and dysregulation by stress may cause metabolic abnormalities.
The cortisol-depression connection
Cortisol is the primary end-product of the HPA axis since it is widely considered as a biological regulator of adaptation and of the maintenance of homeostasis in response to psychological andphysiopathological challenges [9, 10, 13] . Cortisol plays pathophysiologically a crucial role in the organism effort to respond/adapt to stressors.Cortisol binds to glucocorticoid receptors present in almost every tissue of the body. Consequently, cortisol mediates many metabolic processes ranging from induction of mobilization of energy, increasing cerebral perfusion rates and local glucose utilization, enhancing cardiovascular output and respiration, redistributing blood flow, increasing substrate and energy delivery to the brain and muscles, to modulating the immune function.
Substantial evidences exist to indicate a prominent role for chronically elevated levels of cortisol and a dysfunctional feedback system within the hypothalamicpituitary-adrenal (HPA) axis in major depressive disorder [14] [15] [16] . However, it is well accepted also the opposite: that a hyporesponsive HPA axis is linked to increased susceptibility to chronic illness [17, 18] . Cortisol secretion is characterized by a circadian fluctuation, with the concentrations in the morning significantly higher than those measured in the evening. Moreover, a typical feature of cortisol production at the awake has also been recognized: the Cortisol Awake Response (CAR);as if there is a cycle within a cycle, CAR reflects changes in the cortisol concentration that occur during the first hour after wakening from sleep in the morning [18] [19] [20] .
The salivary α-Amylase-depression connection
The search for a cortisol similar non-invasive and easily obtainable marker of the autonomic nervous system has raised salivary α-amylase (sAA) as a promising candidate. Salivar y α-amylase is an enzyme important for carbohydrate digestion and its secretion is under strong neurohormonal control (i.e. released upon sympathetic stimulation).ANS activity could be studied through salivary α-amylase circadian fluctuation and production measured at the same time point of cortisol [19, [21] [22] [23] [24] . The major advantage of sAA over other parameters reflecting sympathetic nervous system activity (i.e., heart rate measures or skin conductance) is that it is saliva-based. Salivar y cortisol and α-amylase production are characterized by a circadian fluctuation [21, 23, 25, 26] . Salivary samples are relatively easy to obtain and can be collected at all times without being reliant on the assistance of medical staff.Previous studies from our group and others have shown that the measurement of salivary biomarkers is becoming more widely accepted for monitoring changes in HPA and ANS activity under physiopathological stress-related conditions [27] [28] [29] . Changes in salivary cortisol and α-amylase, as well as their diurnal fluctuations, are thought to have implications for health. The validity of using sAA as a marker of ANS in psychopathological conditions has been recently confirmed [30] [31] [32] .
Causes for postoperative depression. The stress-depression connection: does stress cause depression?
Given the high prevalence of depressive disorders in the general population, it is not surprising that a high percentage of patients develop depressive symptoms following major surgery [5, 8] .
Stress from surger y may psychologically and physiologically influence patients and can trigger depressive symptoms in the postoperative period [12] . The type of surgery and anesthesia used and the extent of the procedure can generate stress-related abnormalities that may, in turn, lead to metabolic disorders [13, 14] . In the immediate period (hours, days) after major surgery, a certain level of dysphoria is bound to appear, particularly after the effects of anesthesia have worn off. During this time patients often experience pain, discomfort, fatigue, disappointment or abandonment. This reaction has been compared with the postpartum blues experienced by new mothers in the first few days after delivery [15] .
Many patients facing surgery naturally feel anxious and even scared about the course of their procedure. The fear of the operation, of being exposed, the pain and discomfort they might feel after the procedure and the uncertainty regarding the future can easily influence patients' abilities to cope with rehabilitation in the postoperative period [16, 17] . The extent of knowledge the patient has about the surgery and their ability to receive and absorb information has also been found to influence the feelings of anxiety and depression in the postoperative period [7] .
Moreover, for many young patients facing surgery, the feelings of mortality and vulnerability can be profound and can shatter their self-image of power and confidence [18] .
An important factor to be considered is the unpredictable nature of patient' reactions to surgery. Several studies have showed that postoperative depression depends on gender, age, beliefs or psychosocial status [6, 19, 20] .
Preoperative evaluation traditionally assesses possible preexistent pathologies such as cardiovascular disorders, diabetes, renal or hepatic failure that could generate perioperative complications [21] . However, little attention is being paid to the psychological profile of the patient facing major surgery. Previous studies have shown that underlying psychiatric conditions significantly increase the risk for postoperative anxiety and depression [22] [23] [24] .In fact, be a caregiver is among those events which mightlead to major depression: any stressor elicits the activity of the body's stress-response mechanism.
Why and how prevent postoperative depression?
Postoperative depression does not influence only the individual, but has a negative impact also on health services and society. Also, it has been shown that the consequences of untreated postoperative depressive symptoms have been shown to impact the life of the individual up to 5 years after the surgery [22] .
The detrimental effects of poor psychological adjustment following surgical procedures generate increased costs due to frequent hospital readmissions higher complication rates and extensive treatments [15, 21] .
Poorer psychological recovery can lead to physical impairments, which can, in turn, cause higher rates of unemployment and disability pension. Depressed patients are more likely to have lower rates of returning to work and longer sickness absence [17] .
New progresses have been made for accelerating recovery after surgical procedures, leading to shorter hospital stays, decreased complication rates and a faster return to the normal functioning and, therefore, increased safety and satisfaction after discharge. This led to the development of the concept of "fast-track" surgery, which involves coordinated efforts for preoperative patient education, adequate pain relief, reduction of surgical stress, early enteral nutrition and rapid mobilization. This new surgical approach has been shown to provide good results in terms of quality of life for patients undergoing surgery [2, 10] .
This, however, does not guarantee the elimination of patient postoperative anxiety and depressive symptoms. Psychological interventions during the preoperative period may help in reducing the risk of postoperative depression, which could facilitate the clinical and psychological recovery [28] .
These types of accelerated recovery programs require the organization of a multidisciplinary team, including not only surgeons and anesthesiologists, but also nurses, physical therapists, psychologists, psychiatrists and gerontologists [1] . To this end, there is a need for increased awareness among healthcare professionals of the risks and consequences of postoperative depression.
Reducing the incidence of depression following surgery involves first a thorough preoperative clinical and psychological examination of the patient to detect underlying psychiatric conditions that may erupt in postoperatively. Furthermore, preoperative education and psychological preparation has a major role in modifying patient's response to the operative experience [28] .
Psychological interventions involving deep breathing, muscle relaxation and psychotherapy have been shown to be particularly useful for surgical patients in reducing postoperative distress, pain, and length of hospital stay [29] .
When patients experience depressive symptoms following surgery, their ability to cope with rehabilitation may be impaired. This is frequently associated with adverse outcomes in the postoperative period.
Studies have shown that surgical patients who are depressed are more likely to have a poorer recovery in functional status compared to non-depressed patients. This leads to longer hospital stays and more frequent rehospitalizations after discharge [15] .
A poor psychological adjustment after surgery has been associated with a higher risk of postoperative complications. Depressive symptoms experienced during the recovery period have been shown to increase the risk of cardiovascular events and decrease sur vival. Furthermore, increased lengths of hospitalization and further treatments for postoperative complications translate into higher costs for the society [6, 17] .
Patient compliance and adherence to treatments is also thought to be affected by their mood in the postoperative period. Emotional distress following surgery also have a detrimental effect on physical recovery and patient ability to reintegrate into society. Postoperative depression was linked to a greater risk of disability, decreased social functioning and performance [7, 22, 25, 26] .
Delirium is another condition that can arise during the first few days after surgery, particularly among elderly people. Much like depression, postoperative delirium has been found to be an important predictor for long-term disabilities such as dementia and cognitive dysfunction and an independent risk factor for increased mortality [27, 28] .
Conclusions
Even with major improvements in the fields of anesthesia and surgery, which have made surgical procedures less invasive, less traumatic and more reliable, depressive symptoms are still a commonly experienced and feared adverse effect in the postoperative period [3, 4, 8] .
The medical staff should be aware of the possible risks and consequences of postoperative depression, while a multidisciplinary collaboration should be established between surgeons, anesthesiologists, nursing staff, physiotherapists, psychologists, psychiatrists and gerontologists in order to obtain a successful recovery.
A thorough preoperative assessment of emotional status could predict the level of emotional distress after surgery.
Psychological interventions and patient education during the preoperative period may help in reducing the risk of postoperative depression, thus facilitating the clinical and psychological recover y [7, 29] : psychosomatic interventions for postoperative stress reduction could facilitate recovery and significantly improve patient wellbeing [30, 31, [37] [38] [39] [40] [41] [42] [43] .
Whether stress is acute or chronic, it can affect the levels of Cortisol and a-Amylase which are measurable with a range of sampling regimens and sample types. Today, the most commonly used sample specimen in stress research is human saliva [32] [33] [34] [35] [36] . It has been extensively integrated within the scientific field to assess the levels of 'free' steroid and sex hormones, and correlation of these hormones with circulating levels in serum has been well established in the literature.
